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(54) Optical scale communications network having a full meshed optical core transport network 


(57) A fully meshed telecommunications network 
based on an optical core transport network having a plu- 
rality of optical nodes is described. An electronic edge 
switch is connected to an optical node and dedicated 
channels are established between all the possible pairs 


of electronic edge switches through their associated op- 
tical nodes and the optical core transport network. Con- 
nection paths are set up using a channel or channels 
between a pair of electronic edge switches which per- 
form major functions concerning connection routes, in- 
cluding rate regulation, path establishment, etc. 
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D script ion 
Field of Invention 

[0001] The invention generally relates to a large scale 
telecommunications network employing an optical core 
transport network of a fully meshed configuration. In par- 
ticular, it is directed to an architecture of a large scale 
telecommunications network in which electronic edge 
switches are connected to a fully meshed optical core 
transport network and major control functions of each 
connection are performed substantially by two electron- 
ic edge switches of the connection. 

Background of Invention 

[0002] The emerging data network must be able to 
grow to a much-higher capacity than the capacity of to- 
day's voice and data networks. In addition to the huge- 
capacity requirement, the emerging networks must pro- 
vide diverse and versatile services. The multiplicity of 
connection protocols, and the effort required for their in- 
terworking, inhibit the ability of the network to provide 
service diversity. The simplest network would be fully 
connected, allowing every networking node to have a 
physical connection to every other networking node. 
However, as the network size grows, this fully-meshed 
structure rapidly becomes impractical. Due to the spatial 
variation of traffic loads, and the typically large modular 
sizes of transport links, a fully-meshed network normally 
leads to underutilized transport facilities. 
[0003] Traditional electronic transport systems can 
offer a meshed network by providing direct interconnec- 
tions between the networking nodes. However, the con- 
nections would be based on channelized time division 
multiplexing, where the bandwidth allocated to a node- 
pair is fixed and dedicated to the node-pair, resulting in 
inflexible bandwidth utilization. A fully-meshed network 
is not scaleable to cover a large number of nodes, un- 
less the link capacities are elastic and can be modified 
rapidly to follow the traffic-demand variation. With fixed 
capacities and fluctuating traffic demand, the transport 
utilization drops rapidly as the number of nodes increas- 
es. An elastic network, however, would allow all the con- 
nections to share a common pool of capacity through 
paths whose capacities are dynamically adjustable. 
[0004] Both cross -connect ion -based and ring-based 
networks can be configured to be fully meshed or almost 
fully meshed. Their transport mechanisms can also be 
optical or electronic or a mixture of both. 
[0005] U.S. Patent No. 5,802,043, issued September 
1 st , 1998, entitled "Transport Architecture and Network 
Elements", has an inventor common to the present ap- 
plication and describes one such solution based on an 
optical ring structur with capacity partitioning. In its re- 
alization, a domain is defined where every networking 
node within the domain is connected to very other net- 
working node within it with fixed or variable capacity. All 


the connections within the domain share a common pool 
of capacity, maximizing the utilization of the node inter- 
faces. Various networking nodes which use different 
protocols, such as ATM or IP, are accommodated by de- 
s fining a container structure which carries digital informa- 
tion in its native form between them. The containers are 
carried on a digital facility with a defined bit rate that cir- 
culate on a ring or virtual ring past every networking 
node in the domain. 
10 [0006] A pending U, S, patent application Serial No. 
09/116,477 filed on Jul. 16, 1998 with the common in- 
ventors extends further the meshed networking based 
on an optical ring configuration. The subject matter is 
described in an article "Architecture and Control of an 
is Adaptive High-Capacity Flat Network" IEEE Communi- 
cations Magazine, May 1998. The meshed network of 
this patent application allows all the connections to 
share a common pool of capacity through links among 
nodes whose capacities are dynamically adjustable. 

20 Nodes provide data packaging into "containers" of fixed 
or variable sizes for transport and a ring exchanges data 
containers among its nodes. A centralized or distributed 
controller calculates a service rate for each source-des- 
tination node pair. Such controller either monitors the 

25 traffic or receives updated capacity -allocation requests 
from the nodes, and assigns an appropriate data rate at 
which each node can transmit to each destination. With 
lossless rings (traffic- wise), the quality of service is con- 
trolled by the source and destination nodes, without any 

30 interference from other data streams within the network. 
By reducing the complexity of the network core, an eco- 
nomical, reliable, and manageable network with feature- 
rich edge nodes can be realized. 
[0007] In the IEEE article referenced above, it was 

35 stated that: 

Unprecedented traffic growth is providing a huge de- 
mand for fiber facilities. Not only are the backbone net- 
works outstripping their original design capacities, but 
the routes will need fiber cable replacements to allow 

40 fun buildup of high-density WDM. In addition, as the 
routes grow, there will be further pressures to create bet- 
ter diversity to improve restoration. Currently, WDM is 
primarily used to increase point-to-point transport ca- 
pacity. The abundance of transport bandwidth due to 

45 WDM may justify a highly-meshed topology at wave- 
length granularity. However, due to the spatial traffic var- 
iation and with wavelength switching, a wide-coverage 
network may still require tandem switching and capaci- 
ty-sharing controls, which are now realized efectronicaf- 

50 /y Two dimensional space-WDM switching nodes may 
be used to realize, at a wavelength granularity, either a 
partially-interconnected network or a fully-meshed net- 
work 

[0006] WDM stands for wav length division multiplex- 
55 ingandref rs to the technique of sending simultaneous- 
ly a beam or beams of light of mor than one wavelength 
through one optical fiber. 

[0009] In U.S. Patent No. 5,751,454 May 12, 1998, 
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MacDonald et al, an optical ring network communication 
structure is described in which multiple wavelengths 
travel in one direction and wavelength Mux/Demux is 
performed at each node, fn addition to being able to add 
and drop any wavelength, however, each node also has s 
the ability to bypass selected wavelengths. By bypass- 
ing selected nodes, a direct channel of one wavelength 
can be provided between any node pair if the total 
number of nodes on the ring is relatively small. 
[0010] U.S. Patent No. 5,760,935 June 2, 1998Sabry 10 
et al describes an optical communications network in 
which information is transported through hierarchically 
configured networks via pixels in a discrete communi- 
cations space defined by lime and wavelength coordi- 
nates. 15 
[0011] In U.S. Patent No. 5,760,934 June 2, 1998 Sut- 
ter et al describe an optical ring network using wave- 
length division multiplexing technique. 
[0012] Generally speaking, a network with N nodes 
requires a minimum of N(N-1) paths to achieve a fully 20 
meshed configuration, where there is always a dedicat- 
ed path available in each direction for each of a node 
pair. For example, in the case of 7 nodes in a network, 
42 unidirectional paths are needed for all the possible 
node pairs, resulting in 21 bidirectional paths. 2s 
[0013] According to a broad aspect, the present in- 
vention realizes a fully meshed network, conveniently 
called in this specification as a flat network. The flat net- 
work is defined herein as a network which provides an 
end-to-end path of an arbitrary capacity for each node 30 
pair. The capacity of each path may be dynamically 
modified in response to traffic loads and other network 
conditions. 

[0014] Each node must then sort its traffic according 

to destination, into logical buffers, and regulate the rate 35 

at which traffic is sent from each buffer. 

Objects of Invention 

[001 5] It is therefore an object of the invention to pro- 40 
vide a fully meshed telecommunications network in 
which an optical core transport network is used and a 
channel is managed by a pair of electronic edge switch- 
es at the ends of the channel. 

[0016] It is a further object of the invention to provide *s 
a fully meshed telecommunications network in which an 
optical dual ring is used as the core transport network 
and a channel is managed by a pair of electronic edge 
switches at the ends of the channel. 

[0017] It is another object of the invention to provide so 
a fully meshed telecommunications network in which an 
optical dual ring is used as the core transport network 
and carries wavelength multiplexed optical signals. 
[0018] It is yet an object of the inv ntion to provide a 
fully meshed telecommunications network in which an 55 
end-to-end rate regulation is perform d between a pair 
of electronic edge switches. 

[0019] It is still a further object of the invention to pro- 


vide a fully meshed telecommunications network in 
which a multiple of optical dual rings, operating in par- 
allel, are used as the core transport network and carries 
wavelength multiplexed optical signals. 

Summary of Invention 

[0020] Briefly stated, according to one aspect, the in- 
vention is directed to a telecommunications network for 
transporting digital traffic among a plurality of electronic 
edge switches in a fully meshed logical configuration. 
The telecommunications network comprises an optical 
core transport network having a plurality of channels 
and a plurality of optical nodes on the optical core trans- 
port network for managing the channels to form a fully 
meshed transport network among the optical nodes. 
The telecommunications network further includes the 
plurality of electronic edge switches, each connected to 
each of the optical nodes by way of an optical circuit and 
any pair ot the electronic edge switches forming one or 
more paths through one or more channels and control- 
ling traffic rates at which the electronic edge switches of 
the pair exchange the digital traffic through the one or 
more paths. 

[0021] According to another aspect, the invention re- 
sides in a telecommunications network for transporting 
digital traffic among a plurality of electronic edge switch- 
es in a fully meshed logical configuration and is directed 
to a method of establishing a connection between any 
pair of electronic edge switches. The method comprises 
steps of assigning unambiguously unique logical chan- 
nels to each of pairs of electronic edge switches through 
an optical core transport network, choosing logical 
channels applicable to a connection between a source 
electronic edge switch and a destination electronic edge 
switch and controlling at the source and destination 
electronic edge switches rates at which both edge 
switches exchange digital traffic. The method further in- 
cludes steps of monitoring the digital traffic on all the 
available logical channels and adjusting the resources 
of the connection according to the monitored digital traf- 
fic. 

[0022] According to a further aspect, the invention is 
directed to a telecommunications network for transport- 
ing digital traffic among a plurality of electronic edge 
switches through channels in a fully meshed logical con- 
figuration. The network of the invention comprises an 
optical core transport network including a dual fiberoptic 
ring, one in each direction and carrying multiple wave- 
lengths and the channels comprising specifically as- 
signed wavelengths among the multiples wavelelngths 
between each pair of electronic edge switches. 
[0023] According to yet another aspect, the invention 
is directed to an edge switching node for an optical core 
transport network for exchanging digital traffic with other 
edge switching nodes in a fully meshed logical configu- 
ration. The edge switching node comprises an optical 
add/drop connector located on the optical core transport 
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network for providing at least one dedicated channel to 
other optical add/drop connectors on the optical core 
transport network; and an electronic edge switch being 
connected to the optical add/drop connector and having 
a routing mechanism for selecting a desired dedicated 
channel for a desired destination edge switching node 
for exchanging the digital traffic therewith. 

Brief Description of Drawings 

[0X)24] Figure 1 is a schematic of an optical core-elec- 
tronic edge network 10 in accordance with one embod- 
iment of the invention. 

[0025] Figure 2 is a schematic which illustrates the ca- 
pacity usage of an electronic edge switch. 
[0026] Figure 3 illustrates the traffic distribution, using 
a simple case of four electronic edge switches. 
[0027] Figure 4 shows an example of an eight-node 
network for which a path routing process will be de- 
scribed. 

[0028] Figure 5 depicts the path-routing process used 
to select an end-to-end path in the network of Figure 4, 
according to network occupancy as well as link cost in- 
dices. 

[0029] Figure 6 shows schematically a simple imple- 
mentation of the network of Figure 1 , using a ring struc- 
ture, according to one embodiment. 
[0030] Figure 7 shows one possible channel (wave- 
length) allocation among the optical nodes in the clock- 
wise direction. 

[0031] Figure 8 is a similar allocation to that in Figure 
7 but in the counter clockwise direction. 
[0032] Figure 9 is a wavelength allocation in the case 
of multiples of six wavelengths incoming to each optical 
node in the clockwise direction. 

[0033] Figure 10 is a similar allocation to that in Figure 
9 but in the counter clockwise direction. 
[0034] Figure 11 is a functionally equivalent illustra- 
tion of the network shown in Figures 7 and 8. 
[0035] Figure 12 depicts the allocations for wave- 
lengths #0 to #5 in a tabular form. 
[0036] Figure 1 3 shows an example of a classical op- 
tical shuffler. 

[0037] Figure 14 shows a more generalized form of 
the optical shuffler of Figure 13. 

[0036] Figure 15 is a schematic illustration of a com- 
mon-memory module. 

[0039] Figure 16 is schematic illustration of operation 
of containers sorted according to destination module 
and transferred to middle buffers accordingly. 
[0040] Figure 17 is a schematic illustration of a core 
of a high-capacity container switch. 
[0041] Figure 18 illustrates a multiple ring configura- 
tion according to a further embodiment in which two or 
more rings are operat d in parallel and each electronic 
switch can access each of the rings. 
[0042] Figure 19 shows one embodiment of the mul- 
tipl ring architecture. 


[0043] Figure 20 is an illustration of a group of multi- 
ples optical nodes in one ring set. 
[0044] Figure 21 shows one embodiment in which an 
optical core of a network comprises eight ring sets. 
s [0045] Figure 22 illustrates the channel connectivity 
within an optical node in a configuration such as that 
shown in Figure 6. 

[0046] Figure 23 shows the channel connectivity with- 
in an optical node in a configuration such as one shown 
10 jn Figure 18. 

[0047] Figure 24 shows the connectivity of an elec- 
tronic switch and a set of eight dual rings associated 
with the electronic switch. 

[0048] Figure 25 shows schematically the channel 
is connectivity of the entire network shown in Figure 21 . 
[0049] Figure 26 shows a yet further embodiment in 
which seven global optical nodes are used to connect 
the electronic edge switches to the rings. 
[0050] Figure 27 shows a similar network architecture 
as that of Figure 26 but is redrawn differently to illustrate 
more clearly the geographical expanse of the network. 
[0051] Figures 28 and 29 show two examples of mul- 
ticasting according to embodiments of the invention. 

Detailed Description of Preferred Embodiments of 
Invention 

[0052] Although as mentioned earlier, a fully meshed 
transport core network can be realized electronically, 
optically, or in a combination of both, an optical construc- 
tion is becoming more prevalent in future network archi- 
tecture and it is natural to use optical arrangement for 
the core network for the present invention. Figure 1 is a 
schematic of an optical core-electronic edge network 10 
in accordance with one embodiment of the invention. 
The network 1 0 comprises an optical core transport net- 
work 1 2 having a number of optical nodes 1 4 which are 
fully interconnected (meshed) by optical links 16. Each 
optical link supports at least one dedicated channel and 
therefore, each optical node is connected to each other 
optical node by at least one dedicated channel. A 
number of electronic edge switches 1 8, each connected 
to an optical node 14, interface between the network 10 
and any externa! networks or terminals. In one particular 
embodiment, each optical link can be realized by a mul- 
tiwavelength optical circuit which supports a multiple of 
wavelengths, one wavelength constituting a dedicated 
channel. The entire optical core transport network is 
passive in the sense that no dynamic routing of chan- 
nels, signal conversions, such as wavelength conver- 
sion etc., take place. 

[0053] Each electronic edge switch 18 receives digital 
traffic from local sources through incoming access links 
20 and d livers data dest in d to local sinks through out- 
going access links 22. Each electronic edge switch con- 
n cts to an optical node through optical circuits 24 and 
26 (or a bidirectional circuit 28) which support a number 
of channels. Therefore the dedicated channel between 
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any pair of optical nodes can extend to their associated 
electronic edge switches, resulting in at least one dedi- 
cated channel between any pair of electronic edge 
switches. The optical nodes thus only shuffle respective 
channels received from its electronic edge switch to re- 
spective optical nodes. It is therefore noted that an op- 
tical node can be an opticaf shuffler, an optical ADM 
(add/drop multiplexer) or an optical space switch. Opti- 
cal WDM add/drop multiplexers are now readily availa- 
ble and come with a variety of capabilities in that with 
x+y wavelengths in a WDM link : an ADM add/drops x 
wavelengths and passes through y wavelengths. The 
use of optical space switches instead of simple shuffles 
or AD Ms increases the network efficiency at the ex- 
pense of control complexity. In the following description, 
only channel shufflers or AD Ms will be considered and 
described. In terms of function, channel shufflers and 
ADM are very similar and therefore they are used syn- 
onymously in the specification. 

[0054] While at least one direct channel is provided 
between any pair of electronic edge switches, it is pos- 
sible to establish a path between the electronic edge 
switches using the direct channel or multi-hop channel 
or a combination of both. A path may occupy all the 
bandwidth of the channel or a portion thereof, with re- 
maining portion being assigned to a different path. A 
multi-hop channel involves one or more intermediate 
nodes and is formed in two or more sections (a section 
is a link between two successive optical nodes in a ring). 
Therefore referring to Figure 1 , a direct channel (or link) 
16 spans between optical nodes B and C. A path can 
also be made between nodes B and C by using a multi- 
hop channel, involving a specifically dedicated channel 
30 between nodes Band D and another specifically ded- 
icated channel 32 between nodes D and C. Optical node 
D therefore receives traffic destined to node C through 
its channel dedicated between nodes B and D and ac- 
cording to a prior routing arrangement, its electronic 
edge switch returns the traffic onto a channel 32 dedi- 
cated between nodes D and C. While two or more inter- 
mediate nodes can be used, a maximum of two hops 
(with one intermediate node) is preferred, because it ap- 
pears that three or more hop channels would unduly 
complicate the network management without apparent 
benefits. 

[0055] An edge switch takes in all the traffic from any 
local nodes and diverts some to the optical node (which 
is an optical shuffler or ADM) on the optical core and 
some other back to local nodes. It also takes in traffic 
from the optical shuffler or ADM on the core and diverts 
some to the local nodes and some other back to the core 
through the optical shuffler or ADM. One example is il- 
lustrated in Figure 2. A channel is created between a 
pair of electronic edge switches. All the traffic control of 
the channel is performed by these pair of electronic 
edge switches, including rate control, QOS (quality-of- 
service) control, etc. Because the established paths are 
rat -regulated, in establishing individual connections 


within a path, the sending electronic switch in a two-hop 
channel need not be aware of the occupancy condition 
of the electronic switch associated with the intermediate 
optical node. 

5 [0056] It is noted that the number of optical nodes per 
ring should be relatively small. The efficiency of the ring 
drops as the number of the optical nodes increases. The 
configuration described thus far, however, greatly sim- 
plifies packet processing in a data network and facili- 
10 tates network scalability to hundreds of tera bits per sec- 
ond by connecting several rings in parallel. One of the 
advantages of this architecture is the effective sharing 
of the optical core capacity. Only a global traffic overload 
( an lead to a noticeable delay. Global overload in any 
is network, particularly a network of wide geographical 
coverage, is a rare event and - even then - the perform- 
ance with the proposed architecture is acceptable. Un- 
der typical overload conditions good performance is re- 
alizable with an efficient routing method. 
20 [0057] Figure 2 illustrates in detail the traffic flow with- 
in an electronic edge switch 40. The traffic received from 
an ingress port 42 may be split into two streams, a 
stream 44 directed to egress ports 46 of the same 
switch, and another stream 48 directed towards the op- 
2S tical core through ports 50. The traffic received from a 
port 52, incoming from the optical core, may be split into 
two streams, a stream 54 directed towards the egress 
ports 46, and another stream 56 returning to the optical 
core and directed to various destinations. 
30 [0058] If each electronic edge switch connects only to 
one optical node, then, in a network of N electronic edge 
switches, N being an integer greater than unity the set 
of paths from an electronic edge switch to another elec- 
tronic edge switch includes one direct channel and (N- 
35 2) two-hop channels. 

[0059] Figure 3 illustrates the traffic distribution, using 
a simple case of four electronic edge switches (switch 
0-switch 3). Only the case of single-access (where an 
optical node supports one electronic switch) is consid- 
40 ered here. Matrix 60 indicates the volume of traffic, 
measured in arbitrary units; a unit may represent a 100 
Mb/s for example. In this example, switch 0 has 40 units 
destined to switch 1 , 1 60 units destined to switch 2, etc. , 
the total demand being 1200 units. Matrix 62 shows the 
45 direct capacity for each switch pair. This is the capacity 
of each optical channel as determined by its associated 
electronic switch, the total capacity being 1200 units al- 
so in this example. Each entry in matrix 64 is the lesser 
of the two corresponding entries in matrices 60 and 62, 
50 in other words, each entry in matrix 64 closely repre- 
sents the volume of the directly-routed traffic if an ideal 
routing algorithm is employed, the total volume being 
880 units. An ideal routing algorithm ensures that all traf- 
fic that can be transported on a direct one-hop channel 
55 js routed as such. Matrix 66 represents the volume of 
traffic that must use two hops to destination, the total 
volume being 320 units. As stated above, in this exam- 
ple, the volume of the total traffic is 1 200 units, the avail- 
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able capacity is 1 200 units, the total internal traffic in the 
networks amounts to 1520 (880+2x320) units which is 
the sum of 880 units of directly-routed traffic plus double 
the two-hop traffic. The total internal traffic therefore ex- 
ceeds the available capacity. This suggests that an in- 
ternal capacity expansion, of at least 25% in this case, 
is required to accommodate the total demand. 
[0060] Describing further the construction of the in- 
vention, channels are set dedicated to each pair of elec- 
tronic edge switches, and paths (logical channels) are 
established prior to connection establishment using the 
channels. Optical nodes are simple ADM or shufflers of 
channels. While an optical node and its associated elec- 
tronic edge switch can be far apart at any length, span- 
ning for example many thousands of miles, it is advan- 
tageous to place them within the vicinity of one another 
as will be explained later. 

[0061] In the following description, in a single access 
configuration, the term "switching node" is used to refer 
to an electronic edge switch and its associated optical 
node. The selection of end-to-end path is determined 
according to network occupancy as well as link cost in- 
dices. The cost index chosen here reflects the end-to- 
end cost in such a way that the higher the cost, the lower 
the cost index. A direct path, for example, is often the 
least expensive and may then be assigned a datum val- 
ue of 100. If we choose the cost index to be inversely 
proportional to the cost, then a two-hop path which costs 
1 .6 times the direct path, for example, would have a cost 
index of 0.625. The cost indices may be modified to re- 
flect changing network connectivity but are almost stat- 
ic. Other more elaborate formulae may be used to de- 
termine the cost indices. Route selection based on the 
cost indices is illustrated in Figures 4 and 5 in which Fig- 
ure 4 shows an example of 8 node network 70. In the 
figure, a path is being established between node 2 and 
node 5. Figure 5 depicts the path-routing process in the 
network of Figure 4. Each node stores a matrix of cost 
indices of the two-hop links. For example, referring to 
Figure 5, array 80 is a row in the matrix of cost indices 
stored in node 2. The array shows the cost indices for 
paths to node 5. The direct path is the datum and is al- 
located an index of 100. The higher the value of the in- 
dex the lower is the cost of the path. The cost index for 
the two-hop path via node 6, for example, is 74 while 
the cost index for the two-hop path via node 4 is 64. This 
means that the route via node 4 is more expensive than 
the route via node 6. Array 82 stores the available free 
capacity in each path. The free capacity of a two-hop 
path is defined as the lesser of the free capacities of its 
two links. Array 84 stores the weighted vacancy for each 
path from node 2 to node 5. This is the product of the 
absolute vacancy and the cost indices. The path routing 
decisions are bas d on th weight d vacancy. Thus : the 
underlines in array 84 indicate that the first two choic s, 
after the dir ct path, would be by way of node 1 and by 
way of node 6 respectively. 

[0062] Let the total number of dual ports of the elec- 


tronic switch be P. The switch is assumed to be sym- 
metrical with P ingress ports and P egress ports. A pair 
of ingress port and egress port is hereafter called a dual 
port. Let us further assume that the ports are identical, 
5 with a capacity of R bits per second each, which is also 
the capacity of a link emanating from a port. Let the 
number of ports interfacing with the subordinate traffic 
sources be m. The remaining P-m ports interface with 
the optical core. A link emanating from a port constitutes 
10 a channel. The P-m channels from the electronic switch 
can connect to a maximum of P-m other electronic 
switches. Thus, the maximum number of electronic 
switches that can be fully connected to a given switch 
is P-m+1 . The corresponding total capacity of such a 

75 network is then C=m(P-m+1)R. The unconstrained 
maximum capacity, with no conditions imposed on the 
ratio m/P is realized when m=(P+1 )/2 and is equal to R 
(P+l) 2 /4, if P is an odd number. Otherwise, the maxi- 
mum capacity is realized with m=P/2 or m= (P/2) + 1 , 

20 and is equal to C=RP(P+2)/4. 

[0063] It may be necessary, however, that the 
number, n (n=P-m) of ports interfacing with the optical 
core be larger than the number, m, of ports interfacing 
with the traffic sources, in order to accommodate the 

25 transit traffic. The transit traffic is indicated in Figure 2 
as the traffic from ports 52 to ports 50. It is noted that 
the volume of the transit traffic would normally be larger 
than the volume of the intra-s witch traffic indicated by 
the reference sign 44 of Figure 2. The ratio of the core 

30 interface capacity to the source interface capacity de- 
pends on the volume of intra-switch traffic, and the im- 
balance of the spatial traffic distribution. The maximum 
ratio n:m required with severe imbalance is 2:1 . In a typ- 
ical network, an n:m ratio of about 3:2 should suffice. 

35 With this ratio, the number of ports interfacing with the 
traffic sources would be m=0.4P (rounded to the nearest 
integer), and the maximum network capacity would be 
approximately: C=(0.24P 2 +0.4P)R, which is very close 
to the unconstrained maximum derived above. 

40 [0064] Consider, for example, an electronic switch 
having 1 28 dual ports (P=1 28), and m=52 ports, with 76 
dual ports interfacing with the optical core. The maxi- 
mum network capacity is realized when each switch is 
connected to each other switch by only a single channel. 

45 in this example, the number of electronic switches in the 
network would be 77 and the maximum capacity avail- 
able to the traffic sources would be 4004R (52 x 77 x 
R). With R=10Gb/s, this maximum capacity is then 
about 40 Tera bits per second. In the extreme-imbalance 

50 case where the ratio of n:m is 2:1 , 43 ports would inter- 
face with the traffic sources and 85 ports interface with 
the optical core. The maximum number of electronic 
switches in a fully-connected network would be 86 and 
th maximum capacity, with R=10Gb/s would be 36.98 

55 Tb/s. 

[0065] As mention d above, the highest capacity is 
attained when n=nrv A configuration with m=n can not 
be us d with spatial traffic imbalance. However, it offers 
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an interesting reference point. With P=128, the highest 
capacity is C-RP(P+2)/4. With R=10Gb/s, this capacity 
is41.6Tb/s. 

[0066] It is seen from the above example that the ca- 
pacity limit does not change significantly when the ratio 
n:m changes within practical bounds. The main conse- 
quence of increasing the n;m ratio is the increase in the 
number of electronic channels required to realize the 
highest capacity fully-connected network. The ratio n:m 
is a function of traffic imbalance as mentioned earlier. 
[0067] Figure 6 shows schematically a simple imple- 
mentation of the network of Figure 1 , using a ring struc- 
ture, according to one embodiment. A dual ring 1 20, with 
more than one optical channel in each direction, can 
connect several optical nodes 1 22 in a fully meshed con- 
figuration having at least one dedicated channel be- 
tween any node pair Each optical node 122 is connect- 
ed to an electronic edge switch 124. A dual ring com- 
prises two rings of opposite directions. Each node on a 
dual ring connects to both rings. A dual ring is used to 
avoid looping around a large segment of the ring. For 
example, in Figure 6, optical node A (which is a simple 
ADM or shuffler A) would have to use five intermediate 
optical nodes to reach optical node G if the ring was uni- 
directional in the clockwise direction. In the dual ring 
shown, optical node A reaches B, C. and D in the clock- 
wise direction and G, F, and E in the counterclockwise 
direction. 

[0068] Each of the optical circuits 126 and 128 be- 
tween an electronic edge switch and its associated op- 
tical node comprises multiple channels. Therefore, an 
electronic switch with n ports interfacing the optical core 
may multiplex the signals from the ports onto WDM fib- 
ers in bundles of k wavelengths per fiber. The value of 
k is technology dependent. If, for example n=72, and 
using fiber links supporting eight wavelengths each 
(k=8), then nine WDM fiber links are used to intercon- 
nect with the core. The optical channels are allocated in 
such a way as to grant each electronic edge switch at 
least one optical channels to one of the optical nodes 
(optical AD Ms) associated with each other electronic 
switch. In Figure 6, WDM fibers are shown in the ring 
with six wavelengths, #0 to #5. 

[0069] For example, for a network with seven nodes 
on a ring in one direction as shown in Figure 6, only six 
channels (wavelengths) are required in each ring and 
the maximum hop count for any channels is three. Each 
optical node receives six wavelengths, to be delivered 
to the other six optical nodes, and drops six wave- 
lengths, one wavelength from each of the other optical 
nodes in the same ring to be delivered to the associated 
electronic switch. One possible channel (wavelength) 
allocation among the optical nodes in clockwise direc- 
tion is shown in Figure 7. A similar allocation in the coun- 
ter clockwise direction is illustrated in Figure 8. In Fig- 
ures 7 and 8, channels #0 : #1, etc., originating at node 
A are designated as AO, A1 , etc. Thus channels #0 to 
#5 are added at node A and are appropriately shuffled 


to each of the six destination optical nodes. In particular, 
the shuffle pattern is preset so that channels #0, #3 and 
#4 are added on the clockwise ring to be dropped at 
nodes D, C, and B, respectively. The remaining chan- 

5 nels are added on the counter-clockwise ring to reach 
proper destination nodes with minimum hops. As shown 
in the figure, only six channels, #0 to #5 are sufficient in 
each of the two directions to provide a fully meshed con- 
figuration with the maximum of two intermediate (pass- 

10 through) optical nodes. Each of the incoming and out- 
going optical circuits 130 and 132 carries at least six 
wavelengths (channels). Wavelength allocation in the 
case of multiples ol six wavelengths incoming to each 
optical shuffler follows the same pattern for each group 

is of six wavelengths. As shown in Figures 9 and 10, the 
allocation for incoming wavelengths #6 to #11 bears a 
one-to-one correspondence to the allocation for wave- 
lengths #0 to #5. 

[0070] Functionally, Figures 7 and 8 can be redrawn 
20 as in Figure 11 in which the channels are shuffled, or 
added and dropped, in a prefixed pattern among the 
nodes. In the configuration, six channels are added at 
each node, of which one channel is dropped at each of 
the other nodes. The shuffle pattern may be dynamically 
25 variable. Figure 12 depicts, in a tabular form, the allo- 
cations for wavelengths #0 to #5 in the ring of seven 
optical shufflers, in the clockwise direction as well as in 
the counter-clockwise direction. Such a tabular form 
may be used as a tool for devising the wavelength allo- 
30 cations 

[0071] The wavelengths allocations shown are de- 
vised so as to satisfy the condition that no duplicate 
wavelengths should appear in any fiber section (be- 
tween successive optical shufflers) or in any outgoing 

35 fiber (towards the electronic switch, directly or through 
a global shuffler). Channel allocations other than those 
shown in Figures 7-10 may be possible. 
[0072] Figure 1 3 shows an example of a classical op- 
tical shuffler. In this example, there are four incoming 

40 fiber links a, b, c and d, each supporting four wave- 
lengths a0-a3, b0-b3, c0-c3 and d0-d3. A wavelength 
represents a channel. Four wavelength demultiplexers 
150 are used and the individual channels are shuffled. 
Four multiplexers 152 multiplex received wavelengths 

45 onto each of four outgoing fibers. The pattern of shuffle 
is such that each outgoing fiber carries four wave- 
lengths, one from each of the incoming fibers. In the 
case of the dual WDM ring, such as the ring shown in 
Figures 6-10, a shuffler shown in Figure 14 is used in 

50 which the inputs to the shuffler are the clockwise fiber 
link 230, the counterclockwise fiber link 232, and the in- 
coming fiber 234 from the electronic switches, which 
may be directly connected or connected through a glo- 
bal shuffler. The shuffled output is distributed to the 

55 clockwise fiber link 236, the counterclockwise fiber link 
238, and the fiber link 240 to the electronic switches. 
Figure 14 shows the interconnection of the demultiplex- 
ers 242 and multiplexers 244. The global shufflers will 
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be described later. In this example, each fiber carries 
the minimum of six wavelengths. As mentioned earlier, 
the wavelength allocations shown in Figures 7 and 10 
are devised so as to satisfy the condition that no dupli- 
cate wavelengths should appear in any fiber section (be- 
tween successive optical shufflers) or in any outgoing 
fiber (towards the electronic switch, directly or through 
a global shuffler). 

[0073] An edge switch receives traffic from local 
sources as well as from the optical core and it decides 
to transmit it to the local destination or to the optical core. 
At each ingress port in each node, external traffic is buff- 
ered in separate queues according to destinations and 
other criteria. 

[0074] Control signals are sent to establish a path be- 
tween a source node and a destination node. As men- 
tioned earlier, more than one path can be assigned to a 
node pair at one time. A distributed control or central 
control scheme is possible for path assignment, setting 
up and tearing down. The two end nodes agree on the 
rate allocations of each traffic path within the channel. 
At each node, a rate control mechanism for each chan- 
nel regulates the rate allocation for the aggregate traffic 
directed to the same destination. 

[0075] Feature rich edge switches control the charac- 
teristics of the connection including the QOS and this 
avoids the complexity of having to deal with it at inter- 
mediate nodes. When end-to-end bandwidth demand 
can not be accommodated for all node-pairs, distinction 
based on some class or other criteria is required for ac- 
ceptance of new capacity demands. The QOS may have 
several interpretations. The network architecture of the 
invention allows the QOS to be defined on a node-pair 
basis. 

[0076] The modification of the end-to-end capacities 
of established paths would normally take place at a rate 
that is substantially slower than the rate of transaction 
processing at the end nodes. For example, the capacity 
of a given path may be modified every 10 milliseconds 
while the sending end node of the path may be trans- 
mitting packets at the rate of 10000 packets per milli- 
second. The capacity of a path may be modified in re- 
sponse to admission control requirements or it may be 
modified according to the level of occupancy of the buff- 
ers at the originating node. 

[0077] A very-high capacity container switch is need- 
ed to interconnect the channels in a WDM multi-fiber 
ring. Large container switches, with capacities ranging 
from 40 Gb/s to 20 Tb/s are realizable using a rotator- 
based core architecture. Several alternate realizations 
are possible. 

[0078] A rotator-based electronic switch comprises m 
inlet modules, m middle buffers, and m outlet modules. 
In a multi-wavelength application, ach inlet module 
comprises a wavelength demultipl x r and a common- 
memory switch. A relatively-high capacity is attainable 
with a large container width, of 1024 bits for example. 
The common-memory inlet multiplexer is d picted in 


Figure 15. Such a rotator-based electronic switch is de- 
scribed in detail in U. S. Patent No. 5,745,486, April 28, 
1998, Beshai et al, which has one of the present inven- 
tors as a coinventor. In Figure 1 6, at each inlet port 260, 
5 the containers are sorted according to their outlet ports 
to facilitate their assignment to the middle buffers 262. 
The middle buffer is partitioned into bins, each assigned 
to each output port. The figure also shows data 264 wait- 
ing for transfer to outlet, those 266 that have been trans- 
io ferred to the middle buffer, and those 268 that are to be 
transferred orbeing transferred to the middle buffer. Fig- 
ure 17 shows middle buffers 270, an inlet rotator 272 
and an outlet rotator 274. Through the inlet rotator, the 
i llet modules cyclically access the middle buffers. Each 
*5 hlet module transfers a number of containers, which 
may be addressed to different outlet ports, during its ac- 
cess time. A guard time may be needed for transition 
from one middle buffer to the next. Multi-container trans- 
fer per access interval is desirable in order to reduce the 
relative overhead of the guard-time between transitions 
from one middle buffer to the next. In Figure 16, each 
middle buffer is 1024-bit wide. With 25 nsec access 
time, the transfer capacity per middle buffer is about 40 
Gb/s. 

[0079] Using a container of 1024 bits and 25 nsec 
memories, for example, it is possible to construct a 5.12 
Tb/s rotator-based switch (m=128) with a maximum sys- 
tematic delay of the order of a few microseconds. The 
systematic inlet-outlet delay of a rotator-based switch is 
described in U.S. Patent No. 5,745,486 (Beshai et al). 
The switch serves only rate-regulated service with the 
rate per connection being an arbitrary value. The con- 
tainers are well spaced in time, resulting in a very-high 
utilization of the order of 0.98 of the port capacity. 
[0080] In the switch of Figure 17, a switch scheduler 
periodically receives the required inlet-outlet rates, as 
well as information on the number of waiting containers 
per inlet-outlet pair, from the inlet modules. It uses this 
data to determine the access schedule to the middle 
buffers, for each inlet module. 

[0081] As mentioned earlier, the number of optical 
nodes per ring should be relatively small, because the 
efficiency of the ring drops as the number of the optical 
nodes increases. In order to increase the overall capac- 
ity, however, similarly configured multiple rings may be 
operated in parallel, and each electronic switch may ac- 
cess each of the rings. Figure 18 shows the case of an 
electronic switch interfacing an optical core. The optical 
core comprises multiple sets of dual rings 300. Each set 
of dual rings has multiple optical-node groups 302. Full 
connectivity is realized by multiple electronic switches 
304 connecting one or more optical nodes of each group 
of dual rings. 

[0082] Referring to Figure 6, the dual ring shown 
therein uses two WDM fiber links and the two links carry 
chann Is with identically-d fined wavelengths to inter- 
connect the seven optical nodes. Six wavelengths are 
added and six wavelengths ar dropped at each optical 
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node. For brevity, the dual ring is hereafter referenced 
as a ring and the set of wavelength added or dropped 
at each optical node is referenced as a channel set. A 
channel set is the minimum number of channels needed 
in each direction in the ring to ensure full connectivity 
within the ring. A fully-connected multi-ring network is 
arranged as a number S ol ring sets, each ring set con- 
taining D rings. With each ring having T optical nodes 
(ADMs for example), the total number of rings in the net- 
work is S x D and the total number of optical nodes is 
then S x D X T. Each switch is paired with an optical- 
node group of D optical nodes belonging to D different 
rings of the same ring set. In a uniform structure, D = S. 
The electronic switches are divided into T switch sets, 
with each switch set containing S switches. The selec- 
tion of the members of each switch set is based on top- 
ological and traffic-load considerations and is not dis- 
cussed in this disclosure. Each electronic switch inter- 
faces with the network through S outgoing links or virtual 
Jinks and S incoming links or virtual links. A link carries 
a number of channels and a virtual link constitutes a sub- 
set of the channels of a link. Each electronic switch X is 
associated with an optical-node group in a ring set X. 
The network delivers data to an electronic switch exclu- 
sively through its associated ring set. Each electronic 
switch sends its data to the network through at least S 
links or virtual links. Each electronic switch has at least 
one outgoing link or virtual link to a selected optical node 
in each ring set, with said link or virtual link carrying a 
channel set matching the wavelength set used in the ac- 
cessed optical node. In addition to the matching wave- 
length set, the link or virtual link emanating from a given 
electronic switch X belonging to a switch set Y carries 
an extra channel to be routed to the other switches of 
switch set Y. Thus, with T = 7, as is the case of the ex- 
ample of Figure 6, the link or virtual link from switch X 
to an optical node belonging to the ring set associated 
with switch X carries a channel set of six wavelengths 
while the link or virtual link from switch X to optical nodes 
belonging to ring sets other than ring set X carries a set 
of seven wavelengths. Thus , the total number of chan- 
nels outgoing from an electronic switch to the optical 
core is S X T - 1 . 

[0083] Figure 1 9 depicts one embodiment of the multi- 
ring architecture described thus far in which a ring set 
comprises eight rings (S = 8), with each ring connecting 
seven optical nodes (T = 7). There are seven optical- 
node groups, each of which may be associated with an 
electronic switch. Figure 20 hides the details of Figure 
1 9 and shows only the seven optical-node groups in the 
ring set. There is a direct link or virtual link from each 
optical node in an optical-node group to the electronic 
switch associated with the optical-node group. One of 
the links or virtual links carries T-1 channels and each 
of the remaining S - 1 links or virtual links carries T chan- 
nels. Figure 21 shows the optical core of a network of 
eight ring sets (S = 8) and depicts a clust r of S optical- 
node groups. It may be efficient to conn ct a cluster of 


S optical-node groups with their S associated switches 
using a global channel shuffler rather than using individ- 
ual fibers. This is particularly the case with dense WDM 
fiber links. 

s [0084] Figure 22 illustrates the channel connectivity 
within an optical node 320 where the fiber link 322 in- 
coming from the associated electronic switch carries six 
channels, and the fiber link 324 from the optical node 
320 to the associated electronic switch carries six chan- 
ge nels. Of the six incoming channels from the electronic 
switch, three are inserted in the clockwise half 326 of 
the dual ring : and the other three are inserted in the 
counterclockwise half 328. Of the six channels incoming 
from the clockwise ring 330, three are dropped to the 
is fiber link 324 bound to the associated electronic switch, 
and the other three remain in the ring, proceeding to the 
next optical node. The channels incoming from the 
counterclockwise half 332 of the ring are treated like- 
wise. It is noted that wavelength conversion is not re- 
20 quired when the wavelengths are assigned properly. 
[0085] Similarly, Figure 23 shows the channel con- 
nectivity within an optical node 340 where the incoming 
fiber link 342 from another counterpart electronic switch 
carries seven channels, six to be distributed to the other 
2S six optical nodes of the dual ring, and one channel to be 
inserted in the fiber link 344 bound to the associated 
electronic switch. Like elements in Figure 23 are desig- 
nated by like numerals used in Figure 22. Fiber link 344 
carries seven channels, six from the six optical nodes 
30 of the dual ring to which it belongs, and one from the 
incoming fiber link 342. 

[0086] Figure 24 shows the connectivity of an elec- 
tronic switch 430 and a set of eight dual rings 432 as- 
sociated with the electronic switch 430. The electronic 

35 switch 430 receives its incoming traffic from its sources 
through link 434, and from its associated dual rings 432 
through an ADM 436. The electronic switch transmits 
traffic to one of its associated dual rings through a six- 
channel fiber link 438. It also transmits traffic through 

40 fiber links 442, each of which carries seven channels. 
Each fiber link 442 connects to a single optical port in a 
dual ring associated with another counterpart electronic 
switch. Each fiber link 444 carries traffic from a counter- 
part electronic switch to a dual ring associated with the 

45 electronic switch 430. All incoming traffic to the switch 
430 is received through the fiber links 440. 
[0087] Figure 25 shows schematically the connectiv- 
ity of the entire network. In the figure, each electronic 
switch 550 is associated with a set 552 of eight associ- 

50 ated dual rings 554 and each dual ring 554 is represent- 
ed by a line connecting a number of optical nodes 556. 
If there are seven optical nodes per dual ring, then each 
set 552 of associated dual rings connect to seven elec- 
tronic switches. 

55 [0088] The optical nodes associated with an electron- 
ic switch should pr ferably be collocated with the switch, 
since th y all deliver their traffic directly to the switch 
through links 440 of Figure 24. 
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[0089] In the example of Figure 25, S = 8, T = 7, and 
the number of outgoing channels from each electronic 
switch to the optical core is 55. The inner capacity of the 
network is then 55 x 56 channels, and assuming a 
channel capacity of 1 0 Gb/s, the inner network capacity s 
is 30.8 Tera bits per second, with a corresponding outer 
capacity (the capacity available to users) of about 20.5 
Tera bits per second. The capacity increases quadrati- 
caliy with the number of core-interface channels of the 
electronic switch and linearly with the capacity R of each io 
channel. With S = 20, T = 7, and R = 10 Gb/s, the inner 
capacity is 139 x 140 X 10 Gb/s (194.6 Tb/s), and the 
corresponding outer capacity would be about 1 28 Tb/s. 
(The inner capacity is estimated to be two thirds of the 
outer capacity.) 75 
[0090] Figure 26 shows an alternative access to the 
optical core where seven global optical nodes 610 are 
used to connect the electronic switches 612 to the rings 
614. There are seven optical nodes in each ring. As 
mentioned above, if each optical node 61 6 is to have at 20 
least a single direct optical channel to each other optical 
node, then the number of channels from the electronic 
edge switches 612 to each optical node 616 should be 
at least six. The capacity increment per ring is preferably 
an integer multiple of six. The electronic edge switches 2s 
in Figure 18 or Figure 26 may be spread over a wide 
area, possibly covering the North-American continent 
for example. In a WDM application, each electronic 
edge switch may connect to the global optical node 610 
(wavelength multiplexer/demultiplexer) by a small 30 
numberof WDM fibers. Similarly, the global optical node 
may connect to each of its designated rings by one or 
more fiber links, each supporting multiple wavelengths. 
In a symmetrical configuration, and with a single-fiber 
connection from each electronic edge switch to its global 
optical node, the number of electronic switches should 
be seven times the number of rings G, assuming seven 
optical nodes per ring. Seven global optical nodes 610 
may be used to interconnect the electronic switches to 
the ring optical nodes. The electronic switches are di- 40 
vided into seven subsets, each containing G switches, 
and each global optical node may serve one of the 
switch subsets. If, for example, G=20, and the number 
of channels, L, from each electronic edge switch to its 
global optical node, is 120, then the total number of 45 
channels shuffled by each global optical node is 2400 
and the total inner capacity of the optical core is 1 6800 
channels (7 global optical nodes with 2400 channels 
each). With a typical 10 Gb/s per channel, the inner ca- 
pacity is about 1 68 Tb/s. The corresponding end-to-end so 
(outer) capacity would typically be about 112 Tb/s (re- 
duced from 168 Tb/s due to the possible use of two-link 
paths as mentioned earlier). Several variations of this 
configuration can be devised depending on the int rcon- 
nection pattern b tween th electronic dge switches, ss 
the global optical nodes, and the individual rings. The 
capacity limit of the network increases quadratically with 
the capacity of the electronic edge switches; it is the 


electronic edge switch, not the optical core that limits 
the capacity of the network. 

[0091] The schematic of Figure 18 or Figure 26 does 
not show the geographic locations of the individual net- 
work components. Figure 26 may be redrawn in the form 
of the configuration of Figure 27. In Figure 27, seven 
global optical nodes 750 interconnect eight rings 
through their associated optical nodes 754, each ring 
having seven optical nodes. Only two global nodes 750 
are illustrated as being connected to rings via optical 
nodes, one by solid lines and another by dotted lines. 
Each of the electronic switches 756 (corresponds to 
switch 612 in Figure 26), shown as small rectangles, 
connects to a global optical node by one or more optical 
fibers (not shown in Figure 27). Each electronic edge 
switch can reach each other electronic edge switch 
through the optical core by a single hop or a two-hop 
path. An electronic edge switch can send all its traffic to 
a specific electronic switch via the multiplicity of alter- 
nate routes. 

[0092] According to another aspect, the architecture 
of the invention significantly simplifies multicasting. Fig- 
ures 28 and 29 show two of numerous efficient multi- 
casting patterns. An originating electronic edge switch 
can fan -out directly to each other electronic edge switch- 
es. In Figure 28, node B multicasts to nodes A, C, D and 
E as shown by arrowheaded lines. The total number of 
hops is then v, where v is the numberof receiving elec- 
tronic edge switches for a given multicast connection. 
In Figure 29, the originating electronic edge switch may 
transfer its multicast data to another relay electronic 
edge switch, which performs direct multicasting to the 
remaining receiving electronic edge switches. The total 
number of hops to effect the multicast is still the mini- 
mum of v. In fact, the property of conserved number of 
hops in this scheme can be exploited to minimize the 
overall multicast resourceconsumption by selecting the 
appropriate relay node which minimizes the sum of the 
distances to the receiving electronic edge switches. A 
number of relay nodes may also be used. 


Claims 

1 . A telecommunications network for transporting dig- 
ital traffic among a plurality of electronic edge 
switches in a fully meshed logical configuration, 
comprising: 

an optical core transport network having a plu- 
rality of channels; 

a plurality of optical nodes on the optical core 
transport network for managing the channels to 
form a fully meshed transport network among 
the optical nodes; 

the plurality of electronic edge switches, each 
connected to each of the optical nodes by way 
of an optical circuit; 
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a source electronic edge switch forming one or 
more paths through one or more channels to a 
destination electronic edge switch and regulat- 
ing traffic rates at which the source electronic 
edge switch exchanges the digital traffic 
through the one or more paths with the desti- 
nation electronic edge switch. 

2. The telecommunications network for transporting 
digital traffic among a plurality of electronic edge 
switches in a fully meshed logical configuration, ac- 
cording to claim 1 wherein each electronic edge 
switch has a plurality of buffers for storing independ- 
ently the digital traffic through the one or more 
paths; and a rate controller for regulating the traffic 
rates at which the source electronic edge switches 
exchange independently the digital traffic through 
the one or more paths with the destination electron- 
ic edge switch. 

3. The telecommunications network for transporting 
digital traffic among a plurality of electronic edge 
switches in a fulry meshed logical configuration : ac- 
cording to claim 1 further comprising: 

the source electronic edge switches forming 
one or more paths through one or more chan- 
nels to the destination electronic edge switch 
by way of an intermediate optical node having 
its associated electronic edge node, 
the source electronic edge switches having a 
rate controller for regulating traffic rates at 
which the source electronic edge switch ex- 
changes the digital traffic with the destination 
electronic edge switch by way of the associated 
electronic edge switch of the intermediate opti- 
cal node. 

4. The telecommunications network for transporting 
digital traffic among a plurality of electronic edge 
switches in a fully meshed logical configuration, ac- 
cording to claim 3 further comprising: 

the source electronic edge switch having a 
route selection mechanism for choosing an ap- 
propriate route to the intermediate optical node 
to reach the destination electronic edge switch. 

5. The telecommunications network for transporting 
digital traffic among a plurality of electronic edge 
switches in a fully meshed logical configuration : ac- 
cording to claim 3 further comprising: 

the associated electronic edge switch ol the in- 
termediate optical node having a pass-through 
port for passing through digital traffic from the 
source electronic edge switch to the d stination 
lectronic edge switch, and 
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a rate controller for regulating the traffic rate at 
which the associated electronic edge switch ex- 
changes the digital traffic through the one or 
more paths with the destination electronic edge 
switch. 

The telecommunications network for transporting 
digital traffic among a plurality of electronic edge 
switches in a fully meshed logical configuration, ac- 
cording to claim 4, wherein the source electronic 
edge switch further comprises: 

a pass-through port for passing through digital 
traffic of a path from an electronic edge switch 
to another electronic edge switch to become an 
associated electronic edge switch of an inter- 
mediate optical node of the path, and 
a rate controller for regulating the traffic rate at 
which the associated electronic edge switch ex- 
changes the digital traffic with the other elec- 
tronic edge switch of the path. 

7. The telecommunications network for transporting 
digital traffic among a plurality of electronic edge 
switches in a fully meshed logical configuration, ac- 
cording to claim 1 , further comprising: 

an electronic edge switch having a local input 
and local output devices for receiving and de- 
livering digital traffic between a local system 
and its associated optical node. 

8. The telecommunications network for transporting 
digital traffic among a plurality of electronic edge 
switches in a fully meshed logical configuration, ac- 
cording to claim 1 , further comprising: 

an electronic edge switch having multicasting 
mechanism for transferring digital data to more 
than one destination electronic edge switches. 

9. The telecommunications network for transporting 
digital traffic among a plurality of electronic edge 
switches in a fully meshed logical configuration, ac- 
cording to claim 8, further comprising: 

an electronic edge switch having multicasting 
mechanism for transferring digital data to more 
than one destination electronic edge switches, 
by way of one or more intermediate optical 
nodes, and route selection device for selecting 
appropriate intermediate optical nodes. 

10. A telecommunications network for transporting dig- 
ital traffic among a plurality of electronic edge 
switches through channels in a fully m shed logical 
configuration, comprising; 
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an optical core transport network including a 
dual fiber optic ring, one in each direction and 
carrying multiple wavelengths; and 
the channels comprising specifically assigned 
wavelengths among the multiples wavelelngths 
between each pair of electronic edge switches. 

11. The telecommunications network for transporting 
digital traffic among a plurality of electronic edge 
switches in a fully meshed logical configuration, ac- 
cording to claim 10 wherein: 

the channels comprise specifically assigned 
wavelengths between each pair of electronic 
edge switches, the assignment wavelengths 
being dynamically variable in their assignment 
to specific channels and the amount of resourc- 
es of the path between a pair of electronic edge 
switches. 

12. The telecommunications network for transporting 
digital traffic among a plurality of electronic edge 
switches in a fully meshed logical configuration; ac- 
cording to claim 11 wherein: 

each path comprises a direct channel between 
the electronic edge switches or an indirect 
channel or by a combination of both, the indirect 
channel having an intermediate electronic edge 
switch. 

13. The telecommunications network for transporting 
digital traffic among a plurality of electronic edge 
switches in a fully meshed logical configuration, ac- 
cording to claim 11 wherein: 

the direct paths and indirect paths are reconfig- 
ured between any pair of optical nodes or elec- 
tronic edge switches. 

14. The telecommunications network for transporting 
digital traffic among a plurality of electronic edge 
switches in a fully meshed logical configuration, ac- 
cording to claim 10 wherein; 

the optical core transport network comprises 
one or more dual fiber optic rings, each dual 
fiber optic ring having a plurality of optical 
nodes and fully meshed channels among the 
plurality of optical nodes; 
the plurality of electronic edge switches, each 
connected to at least one of the optical nodes 
of each dual fiber optic ring by way of optical 
circuits; 

any pair of the electronic edge switches forming 
one or more paths through one or more chan- 
nels and controlling traffic rates at which the 
electronic dge switches of the pair exchange 
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15 


20 


25 


30 


the digital traffic through the one or more paths. 

15. The telecommunications network for transporting 
digital traffic among a plurality of electronic edge 
switches in a fully meshed logical configuration, ac- 
cording to claim 14, wherein: 

the optical nodes and the electronic edge 
switches are grouped into a plurality of sets; 
the optical circuits comprise a plurality of optical 
distributors, each optical distributor distributing 
channels between optical nodes and electronic 
edge switches of a same set. 

16. An edge switching node for an optical core transport 
network for exchanging digital traffic with other 
edge switching nodes in a fully meshed logical con- 
figuration, comprising: 

an optical add/drop connector located on the 
optical core transport network for providing at 
least one dedicated channel to other optical 
add/drop connectors on the optical core trans- 
port network; and 

an electronic edge switch being connected to 
the optical add/drop connector and having a 
routing mechanism for selecting a desired ded- 
icated channel for a desired destination edge 
switching node for exchanging the digital traffic 
therewith. 


17. The edge switching node for an optical core trans- 
port network for exchanging digital traffic with other 
edge switching nodes in a fully meshed logical con- 
35 figuration, according to claim 16, wherein the elec- 
tronic edge switch comprises further: 


a plurality of buffers, each dedicated for each 
of the other edge switching nodes for storing 
digital traffic destined thereto; and 
a rate controller for regulating the rate of the 
exchange of the digital traffic with any destina- 
tion edge switching node. 


40 


45 


so 


55 


18. The edge switching node for an optical core trans- 
port network for exchanging digital traffic with other 
edge switching nodes in a fully meshed logical con- 
figuration, according to claim 17, wherein the elec- 
tronic edge switch further comprises: 

pass-through buffers for storing passing- 
through digital traffic which is destined to a sec- 
ond destination edge switching node; and 
a rate controll r for r gulating the rate of the 
xchang of th digital traffic with the second 
destination edge switching node. 

19. The edge switching node for an optical core trans- 
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port network for exchanging digital traffic with other 
edge switching nodes in a fully meshed logical con- 
figuration, according to claim 1 6, wherein the optical 
add/drop connector further comprises: 

5 

an optical circuit supporting a plurality of dedi- 
cated channels to the electronic edge switch for 
delivering and receiving digital traffic to and 
from the optical core transport network; and 
optical filters for distributing specific dedicated io 
channels to the remaining optical add/drop con- 
nectors on the optical core transport network. 

20. The edge switching node for an optical core trans- 
port network for exchanging digital traffic with other is 
edge switching nodes in a fully meshed logical con- 
figuration, according to claim 1 9, wherein the optical 
core transport network comprises a fiber optic dual 
ring supporting a plurality of wavelengths, each 
supporting each of dedicated channels and the op- 20 
tical add/drop connector comprises an fiber optic fil- 
ters for distributing specific wavelengths to the re- 
maining optical add/drop connectors on the optical 
core transport network. 

2B 

21. In a telecommunications network for transporting 
digital traffic among a plurality of electronic edge 
switches in a fully meshed logical configuration, a 
method of establishing a connection to a destination 
electronic edge switch, comprising: 30 

assigning unambiguously a unique path to the 
destination electronic edge switch through an 
optical core transport network; 
choosing a channel dedicated to the destina- 35 
tion electronic edge switch; and 
regulating a rate of exchange of the digital traf- 
fic destined to the destination electronic edge 
switch. 

40 

22. The method of establishing a connection to a des- 
tination electronic edge switch, according to claim 
21 , comprising further steps of: 

assigning unambiguously unique paths, all go- 45 
ing to the destination electronic edge switch 
through an optical core transport network; 
choosing a channel dedicated to the destina- 
tion electronic edge switch; and 
regulating rates of exchange of the digital traffic so 
destined to the destination electronic edge 
switch. 

23. In a telecommunications network for transporting 
digital traffic among a plurality of electronic edge ss 
switches in a fully meshed logical configuration, a 
method of establishing a connection betwe n any 
pair of electronic edge switches comprising: 


assigning unambiguously unique paths to each 
of pairs of electronic edge switches through an 
optical core transport network; 
choosing channels applicable to a connection 
between a source electronic edge switch and a 
destination electronic edge switch; 
regulating at the source and destination elec- 
tronic edge switches rates at which both edge 
switches exchange digital traffic; 
monitoring the digital traffic on all the available 
channels; 

adjusting the resources of the connection ac- 
cording to the monitored digital traffic. 
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